Abstract. In order to clarify the endocrinological profiles of inhibins during normal menstrual cycles in Japanese monkeys, plasma concentrations of inhibin A and inhibin B were measured by enzymelinked immunosorbent assay. In addition, circulating gonadotropins and steroid hormones were measured. Blood samples were taken from four Japanese monkeys showing normal menstrual cycles. Plasma inhibin A remained low during the early follicular phase but was high during the luteal phase. Plasma inhibin B was high in the early follicular phase, but fell during the late follicular phase, and remained low during the luteal phase. A significant inverse correlation was observed between plasma concentrations of inhibin B and FSH during the mid-follicular phase, but not between inhibin A and FSH. Plasma inhibin A showed a significant positive correlation with progesterone in the normal menstrual cycle. These results suggest that inhibin B during mid-follicular phase is mainly involved in the suppression of FSH secretion from the pituitary gland, and also that the main source of inhibin A during the luteal phase is corpora lutea in normal menstrual cycle of Japanese monkeys.
nhibin is a heterodimeric glycoprotein that has two isoforms consisting of an α-subunit with one of two β-subunits (βA or βB): inhibin A (α/βA) and inhibin B (α/βB). It is characterized as a gonadal factor that suppresses the production of follicle-stimulating hormone (FSH) in the pituitary [1, 2] . Current studies have also shown its paracrine effect in ovaries and utero-placental units [3, 4] . In female mammals, it was reported that inhibin is secreted from both the ovary and placenta [1, 5, 6] , and inhibin α, βA and βB mRNAs have also been identified in various extragonadal tissues including the adrenal glands, bone marrow, pituitary, spleen kidney, spinal cord and brain [7] . R e c e n t l y , n e w s p e c i f i c e n z y m e -l i n k e d immunosorbent assays (ELISA) for inhibin A and inhibin B have been developed to measure the different inhibin isoforms in humans [8, 9] and nonhuman primates [10] [11] [12] .
Japanese monkeys live at the northernmost latitude of any non-human primate and show a clear seasonal breeding pattern [13] [14] [15] . They are thought to be suitable models for studying reproductive mechanisms in humans because of Accepted for publication: March 9, 2002 Correspondence: K. Taya their unique endocrinological features such as infertility during the non-breeding season. However, few studies on their reproductive biology have been reported, especially interactions between FSH secretion from the pituitary and inhibins. The menstrual cycle length of the Japanese monkey is similar to that of the human, being approximately from 26 to 28 days in duration [13, 14] . Seasonal changes in plasma levels of LH and steroid hormones in Japanese monkeys have been reported previously [14] , and an investigation of serum levels of FSH and immunoreactive (ir-) inhibin during the breeding season in female Japanese monkeys showed that concentrations of ir-inhibin increased during the luteal phase, but were low during the follicular phase [16] . These changes in circulating inhibin levels showed a clear negative correlation with the levels of FSH and a positive correlation with the level of progesterone during the luteal phase. Watanabe et al. [16] also showed that basal levels of serum inhibin increased during the breeding season but were low during the non-breeding seasons.
I n t h i s s t u d y , i n o r d e r t o c l a r i f y t h e endocrinological pattern of inhibin A and inhibin B during the normal menstrual cycle of Japanese monkeys, plasma concentrations of inhibin A and inhibin B were measured by ELISA. In addition, circulating gonadotropin and steroid hormones were also measured in order to determine the role of inhibin in each reproductive stage.
Materials and Methods

Animals
Four Japanese monkeys showing normal menstrual cycles weighing 7 to 9 kg and at least 8 years of age were used. The animals were housed individually under semi-controlled temperature (13 to 29 C) and lighting (lights on: 0600 h to 1800 h) at the Primate Research Institute, Kyoto University, Japan. They were fed a standard monkey pellet food and sweet potatoes. Menstruation was checked by daily observation. The time of ovulation was assessed by LH surge and steroid hormone profiles (Day 0).
Blood sampling
Blood sampling was done at intervals of 3-4 days. Totally, 5 cycles of data were taken from 4 animals during the breeding season (from November to January).
Hormone assays for inhibin A and inhibin B
Concentrations of inhibin A and inhibin B in plasma were measured using a commercially available ELISA kit (Serotec Ltd., Oxford, UK) developed to detect human inhibin A and inhibin B [8, 9] . The standard used for the inhibin A and inhibin B assay was a partially immunopurified inhibin standard from human follicular fluid, calibrated against recombinant 32-kDa human inhibin A or inhibin B (Genetech, CA, USA) and the results were expressed in terms of this recombinant form.
Radioimmunoassays (RIA) for follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol-17β and progesterone
Concentrations of plasma FSH and LH were measured by heterologous RIAs using methods described by Toivola et al. [17] and Hodgen et al. [18] , respectively. Iodinated preparations were rat NIDDK-rat FSH-I-5 and rat LH-I-5. The antisera were anti-ovine FSH (NIDDK-H-31) [18] and antiovine LH (YM #18). Antisera against ovine LH (YM #18) were kindly provided by Dr. Y. Mori (University of Tokyo, Tokyo, Japan). The results are expressed in terms of NIDDK rat FSH-RP-2 and rat LH-RP-2. The intra-and interassay coefficients of variation were 7.8 and 8.5% for FSH and 7.8 and 10.3% for LH, respectively.
Plasma concentrations of estradiol-17β and progesterone were determined by a doublea n t i b o d y R I A s y s t e m u s i n g 1 2 5 I -l a b e l e d radioligands as described previously [19] . Antisera against estradiol-17β (GDN#244) [20] and progesterone (GDN#377) [21] were kindly provided by Dr. G. D. Niswender (Animal Reproduction and Biotechnology, Colorado State University, Fort Collins, CO, U.S.A.). The intraand inter-assay coefficients of variation were 5.8% and 11.4% for estradiol-17β, and 3.5% and 13.4% for progesterone, respectively.
Statistics
Independent variables predictive of inhibin A and inhibin B were identified by linear multiple regression analysis. Two-sided P values less than 0.05 were considered significant. Correlation among the hormonal parameters was calculated using Pearson's method.
Results
Concentrations of inhibin A and inhibin B during normal menstrual cycle
The mean concentrations of inhibin A, inhibin B, LH, FSH, estradiol-17β , and progesterone throughout a normal menstrual cycle are shown in Fig. 1 . Two examples of the profile from individual animals are shown in Fig. 2 . All cycles were normalized according to the day of ovulation (defined as day 0). The plasma concentrations of inhibin A remained low (about 10 pg/ml) during the early follicular phase, then rose during the late follicular phase and remained at high levels during the luteal phase with concentrations of around 20 to 4 0 p g / m l . T h e p a t t e r n o f t h e p l a s m a concentrations of inhibin A was synchronized with that of plasma progesterone throughout the normal menstrual cycle.
T h e p a t t e r n o f c h a n g e i n t h e p l a s m a concentration of inhibin B was different from that of inhibin A (Fig. 1) . The plasma concentration was high in the early follicular phase (around 30 pg/ml) and fell during the late follicular phase. The plasma concentrations of inhibin B remained low during the luteal phase.
Correlations among FSH, inhibin A, inhibin B, progesterone and estradiol-17β during normal menstrual cycle
As shown in Fig. 3 , there was a significant inverse correlation between plasma concentrations of inhibin B and FSH (Fig. 3 A, n=14, r=0 .659, p<0.05) during the mid-follicular phase (day -10 to day -4, day 0= ovulation), while there was no correlation either between inhibin A and FSH (Fig.  3B) , or between estradiol-17β and FSH (Fig. 3C.) . During the luteal phase, there were no correlations between inhibin A and FSH (Fig. 3D) , and inhibin B and FSH (Fig. 3E ). Plasma concentrations of inhibin A showed a positive correlation with progestrone concentrations (Fig. 3F, n=33, r=0 .627, p<0.001) in the normal menstrual cycle.
Discussion
This is the first report of the successful assay of inhibin A and inhibin B throughout the normal menstrual cycle in Japanese monkeys. The different patterns of concentrations of inhibin A and inhibin B during the menstrual cycle were observed. Inhibin B increased during the follicular phase and inhibin A increased during the luteal phase of the normal menstrual cycle of Japanese monkeys. Concentrations of inhibin A showed a significant positive correlation (p<0.01) with those of progesterone. In previous studies in primates [22, 23] , expression of α and βA subunit mRNAs was detected in the corpora lutea. These observations suggest that the origin of inhibin A in the luteal phase is corpus luteum. During the luteal phase, recent studies have generally indicated endocrine roles for inhibin A in the negative feedback control of FSH in female reproductive cycles. These studies involved the administration of recombinant inhibin to non-human primates [24, 2 5 ] , t h e r e m o v a l o f c o r p u s l u t e u m f r o m cynomolgus monkeys [26] , and the investigation of the normal menstrual cycles of Japanese monkeys [16, 27] . In the present study, there was no evidence for clear negative correlations between FSH and either inhibin A or inhibin B during the luteal phase. Possibly, circulating FSH levels in the luteal phase were already suppressed, and making it difficult to detect fluctuations in the present study. Further studies will be required to clarify the role of inhibin during the luteal phase.
In the mid and late follicular phases, it was reported that circulating ir-inhibin during the follicular phase did not show any significant correlation with FSH in Japanese monkeys [16, 27] . In the present study, by measuring circulating inhibin A and inhibin B separately by ELISA, it was observed that inhibin B concentrations showed a significant negative correlation with FSH (r=0.659, n=14, p<0.05) during the mid follicular phase (day -10 to day -4) in Japanese monkeys, suggesting that inhibin B exerts a critical physiological role during the follicular phases in Japanese monkeys. In the early follicular phase, it was reported that in normal women, inhibin B levels rose in association with FSH [9, 28] . When gonadotropinreleasing hormone (GnRH) pulse frequency was increased on the day of menses, a robust rise in FSH to normal early follicular phase levels, and inhibin B levels increased in the normal menstrual cycle of women. The profile of circulating inhibin A and inhibin B during the normal menstrual cycle of Japanese monkeys showed a similar pattern to that in humans [8, 9] . The results of the present study suggest that circulating inhibin B probably secreted from follicles in mid follicular phase is involved in the suppression of FSH secretion from the pituitary gland, and that the major type of circulating inhibin during the normal luteal phase in Japanese monkeys is inhibin A, which is probably secreted from corpora lutea and may be involved in the suppression of FSH secretion by cooperating with progesterone and estradiol-17β during the luteal phase.
